efficient method of counting was not available, and I therefore undertook to try to find a method which would be applicable, not only to the enumeration of organisms in stools, but also to that of protozoa in general. Such a method would doubtless be welcome to others who have hitherto laboured under the disadvantage of not being equipped with a suitable counting chamber or other means of enumeration. With the object of indicating the kind of organisin whose enumeration Read before the Section of Pathology, February 19, 1918. would be rendered easier by the use of one or other of the methods described below, the following examples are quoted from the work of previous experimenters. Much of the earlier work was carried out with the ova of worms, but latterly the scope of enumerative methods has been considerably extended.
Dr. Annie Porter [6] counted the cysts of Giardia (Lamblia) intestinalis in human dysenteric faces and constructed curves to demonstrate that in some of the cases there. was a periodic rhythm in the number of organisms present, the maxima recurring at intervals of about a fortnight. The enumeration was carried out by means of a Thoma-Zeiss haemocytometer. The parasites are often so plentiful in this disease that a sufficient number are present on the ruled surface of the slide for the purpose of counting. When, however, the infection becomes scanty, I have found it a decided advantage to have a larger area of the chamber ruled, so that a sufficiently large number of the organisms can be counted to reduce the errors due to "random sampling." Alternatively the well-known " method of fields " could be used, by means of which organisms can also be counted on the non-ruled part of the slide, and it was mainly with a view to obviate certain disadvantages of this latter method that the present chamber was designed. [5] made an exhaustive enumerative study of amoebic infections of the intestine. They made not only a total cou-nt of all the organisms present, but also a differential count based on the relative number of their nuclei. Their remarks with regard to the use of a Thoma-Zeiss slide for the purpose of counting entamcebae illustrate the precise kind of difficulty that I have experienced. They say: " In this case, however, low counts are difficult as there may be no amcebae at all on the ruled area. In using the Thoma-Zeiss slide it is better to go over the whole of the chamber contained within the circular trough, working backwards and forwards in lines, until all amcebie in the cell have been counted."
Knowles and Cole
Calkins [1] made a series of expeximents to determine the influence of normal and of cancerous tissues on the rate of reproduction of certain ciliate protozoa (Didiniumn nasutum), and he found it necessary to count the organisms periodically at different stages of their cultivation. Owing to their large size and visibility and to their comparative scarcity (up to sixty) in the cultures, no special enumerative method would be required, but as each Didinium was supplied with a daily uniform food-ration of nine paramecia, this would apparently frequently involve the counting of 540 of these protozoa. No indication is given as to how this was done beyond stating that they were counted out.
Goodey [4] , while investigating the limiting influence of soil protozoa on bacterial growth, found it necessary to make frequent counts, and for this purpose he made use of two indirect methods of enumeration. He states that: "As methods they undoubtedly leave much to be desired, for there are so many uncontrollable factors entailed in their use. At the same time they are the only methods at present available, and one is justified, I think, in drawing conclusions.
In collaboration with R. W. H. Row, of King's College, and later with the assistance of Miss M. Lovibond, V.A.D. [2] , I endeavoured to count the cysts of Entamceba coli in the stools of a carrier of this organism and, owing to the comparative scantiness of the infection at the time, I was at once led to discard the haemocytometer for the purpose. Often but a single cyst could be found in the whole chamberful, and it was the exception to find one at all on the ruled area. The method of fields was then tried and was found tedious and in other ways unsatisfactory for rapid routine work. I therefore undertook to find a better method of counting and also decided to make a daily enumeration of the cysts during a period of three months, firstly to establish by statistics the accuracy and practical utility of the new method, and secondly to determine whether any cycle could be demonstrated for Entamceba coli as was done by Miss Porter in the case of Lamblia. The results of this enumeration will be published later and the method finally adopted is described below (Method 2A).
ENUMERATIVE METHODS.
The principle on which enumerative methods are based is of course the preparation of a uniform suspension of the organisms or cells in a suitable liquid medium, and the subsequent countirng of these in a definite known volume of the emulsion or of a dilution thereof. For a method to be of practical value it is necessary that it should be accurate, within a reasonable and unavoidable experimental error, and that the labour expended and time occupied in the actual process of counting shall be reduced to a minimum. Hitherto the counting chambers intended for the enumeration of blood cells (and of bacteria) have fulfilled these requirements, but when we come to deal with protozoa, and meet with organisms of very different sizes and of very variable abundance, it becomes necessary to devise new means of MH-la carrying out the enumeration. As an important corollary to the question of the labour of counting is the fact, which is frequently lost sight of, that a large number of the organisms must be counted in order to reduce the statistical errors to a reasonable amount. Thus it has been pointed out by Ross and Stott that if the error is required to be within 10 per cent. one must count at least 271 individuals. The three factors-viz., accuracy, speed of counting, and number of organisms counted-must all be taken into account before the most efficient method to be adopted in a particular case can be decided upon, and it has been the consideration of these points which has guided mne in attempting to devise new methods for the enumeration of protozoa and other organisms.
There are three chief means available for obtaining a small definite volume of an emulsion to be used for counting purposes, viz.
(1) Drop-measuring method;
(2) Graduated-pipette mitethod; and (3) Counting-chamber method.
These will now be considered in detail.
METHOD (1) .-DROP-ME ASURING METHOD.
Capillary pipettes in whose preparation a certain amount of care has been taken in making the point level will deliver successive drops whose volume is almost uniform, provided that certain details as regards the expulsion of the drop are attended to. For instance, the pipette must be held at the same angle each time a drop is delivered and a uniform pressure must be used to regulate the rate of flow. The temperature and the surface-tension of the liquid also influence the size of the drop. Donald [3] has used this method extensively for the enumeration of bacteria and of the cells of blood and cerebro-spinal fluid. Except in cases where the need for great accuracy arises, I think the refinements introduced by this method are unnecessary for the enumeration of protozoa, but the method is undoubtedly a precise means of obtaining a uniform volume of a liquid or of a suspension of cells.
METHOD (2).-GRADUATED-PIPETTE METHOD.
A definite volume of an emulsion can be expelled from a graduated capillary pipette. It is of importance to remember that the volume expelled is not necessarily equal to the volume indicated by the graduations, and in actual practice the error may be considerable, but is diminished by experience gained in manipulation of the pipette.
The error is a variable one and with a given pipette it depends largely on the length of the column delivered. Obviously the shorter the column the greater the percentage error is likely to be. With the object of determining the extent of the error which one may expect when using graduated capillary pipettes, twenty successive volumes of an emulsion of stool, each of 20 c.mm., were expelled on to a microscope slide and covered with a slip. The weights of the slide before and after each addition of the emulsion were taken and the difference represented (approximately) the volume of the liquid expelled. The average weight of the supposed 20 c.mm. was found to be 19'75 mgm., and the maximum errors were 4 per cent. below and 6 per cent. above this figure taken as a mean. It is therefore better always to make at least two counts when using the graduated pipette method and to take tha average. In order to make use of this Wethod it is necessary either to count the organisms in the whole of the drop expelled, or to prepare a film of uniform thickness and known area and count the organisms in a portion of this area, say by the method of fields. Having previously ascertained the area of the microscope field by any of the usual methods, a simple calculation will enable one to tell what fraction of the drop has been examined. The'film may be obtained by placing the drop on a microscope slide and allowing a cover-glass to fall flat upon it. The size of the drop, can be arranged so that it just occupies the whole of the area under the cover-glass, but it is not an altogether satisfactory method since the heavier particles tend to accumulate in the centre, and the cells are not equally distributed. I find that the drop should not exceed 10 c.mm. when using a 7 in. cover-glass, nor 20 c.mm. for a 1 in. circle; otherwise the drop tends to spread beyond the edge and the number of organisms is under-estimated. This method has recently been used by Yorke and Blacklock [7] for the enumeration of iMicrofilaria nocturna in blood and urine. When the number of organisms is less than 500 per c.c., "concentration methods" are necessary to enable the method to be employed. It is preferable, at any rate in cases where the organisms can be readily distinguished from other material in the drop, and can be counted with reasonable accuracy with a low power of the microscope, to use the method of a graduated pipette for routine purposes and count the organisms in the whole of the expelled volume. This was effected by using a slide ruled in columns with a ring of paraffin-wax as a support for the cover-slip. I shall refer to this as the "ruled slide and wax ring method."
METHOD (2A) -RULED SLIDE AND WAX RING METHOD.
A microscope slide 3 in. by 11 in. is ruled in columns (vide intra) i mm. wide, parallel.to its long axis, across almost its entire width. The slide is placed on a turn-table, which is then made to . }~~~~~~~~0 Diagram to illustrate the Ruled Slide and Wax Ring Method for the enumeration of protozoa and other organisms with a low power. A B, slide; C, ruled columns, i mm. wide; W, wax ring; E, emulsion (20 c.mm.); G, cover-glass. (Drawn to scale; natural size.) revolve, and by means of a small camel-hair brush a drop of molten paraffin-wax is applied to the ruled surface of the slide (fig. 1 ). The drop spreads out into a ring of practically uniform thickness and sets solid. The internal diameter of the ring should be made sufficiently large, say 1 in. to 14 in., to allow at least 20 c.mm. of an emulsion to be spread out without extending to the wax, and for this reason ordinary 3 in. by 1 in. slides are not very suitable. The depth of the ring, which of course determines the depth of the chamber when completed by the application of a cover-slip (1I in. circle), can be regulated by using a greater or less amount of the molten wax, and after a little practice it is quite easy to prepare in a few minutes a dozen of such slides, each one with a chamber about 01 mm. to 0,2 mm. deep.' The improvised counting chamber prepared in this way can be used over and over again without material deterioration, and when the ring has become too thin it can be removed with xylol and a fresh one applied. If the original ring is found to be too deep it can be thinned down by gently rubbing with a cloth. One of the advantages of this method is that the depth of the-chamber can be varied, and in the case of large organisms which are present in small numbers it may be desirable to examine a large volume, and this can be made possible by increasing the thickness of the wax ring. This method has been in constant FIG 2 To illustrate the distributio-n of Entamoeba coli cysts in 20 c.mm. of a 5 per, cent, saline emulsion of stool. Forty-three cysts present = 43,000 per gramme. (Del. ad nat.) use for the enumeration of Entainxbca coli cysts in stools, and in the case of organisms which do not require a high-magnification it is the best means available. It is superior for this purpose to any of the counting chambers, which are expressly designed for counting with a high power, since a much larger number of organisms can be seen in one preparation. In fig. 2 the distribution of the cysts in 20 c.mm. of a 5 per cent. saline emulsion of stool is shown. I It is unnecessary to know the exact depth. A definite volume is delivered from the graduated pipette. Preparation of Ruled Slides.-The ruled slides can be made in the laboratory or a more finished article can be obtained from Messrs. Angus and Co., Wigmore Street, London, who can also supply the new counting chamber. The most serviceable ruling is in columns mm. in width, since with this size and a low magnification, say a 2 in. objective and a x 7 eye-piece, the column will occupy about the middle half of the microscope field. In actual practice it is found that a more rapid count can be made with this than with a wider column. The counting also tends to be more accurate since organisms at the top and bottom of the field are less likely to be missed.
In order to prepare a number of ruled slides for counting with a low power all that is necessary is a few 3 in. by 11 in. slides and a writing diamond. The use of a dissecting microscope is an advantage in ruling the lines, but an ordinary magnifying glass, mounted in some way so that the slide can be viewed through it without interfering with the manipulation of the diamond, will suffice. One of the slides, previously well cleaned, is placed on a dark background, and is held down by means of a piece of plasticine under each end of the slide. Lines are then ruled with the diamond in series about i mm. apart almost the whole width of the slide. The lines must be ruled on the glass, not scratched on, as in the latter case they tend to crack with use, and they must not be too thin as they are then difficult to recognize. The columns should be of fairly uniform width, since if any of them are wider than the microscope field counting becomes troublesome. In view of these difficulties I think the use of slides made by expert optical manufacturers is preferable.
This is the method which is in common use for the enumeration of cells and organisms, and the volume is determined by the space enclosed between a cover-slip and the ruled area on a small platform which is depressed to a known level, usually --ly mm., below the general surface of a microscope slide. The majority of counting chambers already in existence have been designed for the enumeration of blood cells, and as these are relatively abundant, it has only been necessary to construct a very small chamber to enable a sufficient number of cells to be counted in a single preparation. When dealing with protozoa, however, the number of these organisms is as a rule relatively scanty, and it is desirable to employ a chamber whose dimensions are as large as possible, compatible with accuracy in construction and with ease and rapidity of manipulation. After full consideration of the question of the size of the chamber likely to be most suitable for general use, it was decided that a ruled area of 5 mm. by 5 mm. would be the maximum permissible, in view of certain practical objections to the use of a larger one, and would satisfy the requirements for the enumeration of protozoa and other organisms and cells under most circumstances. The depth of the chamber was retained at I mm. since it was considered that the volume-namely, 2'5 c.mm.-would be adequate, and that the necessity for repeated focusing with a deeper chamber might be a handicap to the speed of counting. As the new chamber, constructed with these measurements, was designed especially for the counting of protozoa, I suggest that the term "Protozoometer " would indicate its chief use, and would serve to distinguish it from counting chambers used for other purposes.
DESCRIPTION OF THE NEW COUNTING CHAMBER.
The chamber consists of a small circular platform about 8 mm. in diameter constructed in the centre of a special glass slide ( fig. 3 ). Coverglasses which have been carefully ground to a uniform thickness, so that when one is placed over the chamber the depth of the latter will be constant over the whole of its ruled area, are supplied with the slide. The slide itself is similar to that already employed by manufacturers of optical instruments in the construction of the haemocytometer, and the only important modification introduced in the new chamber is in the dimensions and character of the area ruled on the platform (fig. 4 ). The surface of the platform is depressed-l1 mm. below the general surface of the slide by a process of grinding, and it is surrounded by a shallow groove or trench which acts as an overflow for any slight excess of liquid which is used in making the preparation. On the platform a large square 5 mm. by 5 mm. is ruled, and this is sub-divided by lines intersecting at right angles into a number of smaller squares. As most protozoa, even small ones, can be readily distinguished from surrounding objects with a 6 in. objective,, the magnification produced by this lens with a x 7 eye-piece was selected to determine the size which these smaller squares should be.
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This is a matter of the first importance in enabling the enumeration of organisms to be carried out as a daily routine both accurately and at the same time rapidly. The square should occupy neither too large nor too small a portion of the field of the microscope, as in both these circumstances the speed of counting is materially diminished. Bearing these points in mind, it was found that if the large square was divided into 625 small squares, each one of which was mm. along the side, the whole of the small square occupied only the ceiitral portion of the field and the counting could be carried out to the best advantage. As a matter of fact it is possible that if the ruled area were simply divided into columns instead of squares, each column beingmm. in width, the count could be made equally well, but as circumstances-may arise in which it is desirable to count only a portion of the ruled area the chamber has been ruled in squares. So far as I am aware the dimensions of the ruled area of this chamber are larger than those of any of the chambers already in use for blood work, most of which are modifications of the Thoma-Zeiss pattern. The Tiirck disk, for instance, has an area of 3 mm. by 3 mm., and this combined with a depth of ,l mm. gives a volume of less than 1 c.mm., whereas the new chamber here described has a volume of 2'5 c.mm.
In order to use the counting chamber it is only necessary to place a small quantity of an emulsion of the organisms or cells in the centre of the ruled area and then to apply the cover-glass, care being taken to avoid bubbles and an undue amount of liquid. It is advisable to apply the cover-glass rapidly before the cells have time to settle down, as otherwise their distribution may not be uniform. Provided this is done the chamber can be relied upon to give an accurate count of organisms whose specific gravity is comparatively high. For further details of the procedure reference may be made to any text-book describing the use of the haemocytometer.
The chamber has been tested for the enumeration of a variety of protozoa, both pathogenic and non-pathogenic. In the case of free-living forms it may of course be necessary to fix the organisms first. Although it is not designed to supersede the chambers already in use for blood counts, it can be employed for both red and white corpuscles. In the former case a greater dilution of the blood than usual is required, but in the case of the latter, in a normal count with the usual 1 in 20 dilution, as many as a thousand are present on the ruled area, and the necessity of making several counts, as with a Thoma-Zeiss chamber, is avoided. The chamber could doubtless be employed for the enumeration of the cells in serous exudates, cerebro-spinal fluid, milk, &c., and speaking generally in any cases where the cell-content is comparatively scanty. 
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